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Abstract: The purpose of continuation load flow is to find a continuum of load flow solutions for a given 
load/generation change scenario (i.e. computation change direction). It is capable of solving the whole PV curve. 
The Jacobian matrix becomes singular at the voltage stability limit and hence conventional load flow programs 
may have problems of convergence near the stability limit. However, the continuation load flow can overcome this 
problem by reformulating the load flow equations so that they remain well conditioned at all loading conditions. 
As the singularity of continuation load flow equations is not a problem, the voltage collapse point can be solved. 
Hence, this allows the solution of load flow problem for both upper and lower portions of the PV curve. This 
paper presents a Comparitive study of SVC and STATCOM by using Continuation Power Flow (CPF). 
Keywords: SVC, STATCOM, CPF, voltage stability, PV curve. 
I. INTRODUCTION 
The continuation method modifies the Newton 
Raphson method by introducing an additional 
equation and an unknown parameter into the basic 
power flow equations. The additional equation is 
chosen specifically to avoid singularity at 
loadability limit. The additional unknown 
parameter is termed continuation parameter. 
 
Fig : Continuation load flow curve 
CPF uses an iterative process involving predictor 
and corrector steps as shown in Fig . From a known 
initial solution (A), a tangent predictor is used to 
estimate the solution (B) for a specified pattern of 
load increase. The corrector step then determines 
the exact solution (C) using a conventional power 
flow analysis with system load assumed to be 
fixed. The voltages for further increases in load are 
predicted based on the new tangent predictor. If 
estimated load (D) is now beyond maximum load 
on the exact solution, a corrector step with loads 
fixed would not converge; hence a corrector step 
with a fixed voltage at monitored bus is applied to 
find exact solution (E). As voltage stability limit is 
reached, to determine the exact maximum load, the 
size of load increase has to be decreased gradually 
during successive predictor steps [36]. CPF is a 
useful tool for monitoring system voltages as a 
function of load change. One common application 
is to plot the voltage at a particular bus as the load 
is varied from the base case to a loadability limit 
(often known as the point of maximum loadability). 
If the load is increased to the loadability limit and 
then decreased back to the original loading, it is 
possible to trace the entire power-voltage curve. 
The continuation power flow analysis is robust as 
well as flexible. However, the continuation method 
is slow and time consuming, therefore, a 
combination of conventional load flow and 
continuation method may be used. The base case 
load flow is solved using a conventional method 
Newton Raphson / Fast Decoupled Load Flow 
(NR/FDLF) and successive increase in load levels 
are applied until a solution cannot be obtained. 
Beyond this critical point, the continuation method 
is applied to obtain load flow solutions. In this 
paper continuation power flow method is used to 
predict the maximum loadability of a bus and the 
results are presented. The continuation load flow 
method uses a parameter known as the Loading 
which indicates the percentage of loading at a load 
bus above a value of 1.0 p.u [36]. The WSCC 9 
Bus System was analysed with CPF since CPF 
overcomes the problems encountered in Newton 
Raphson method by giving a solution at the point 
of voltage collapse.  SVC was first used to provide 
reactive power compensation. There were three 
possible locations for SVC, namely the load Buses 
5, 6 and 8. The best position for connection of SVC 
was determined by running CPF after placing the 
SVC at the three load buses in turn. The maximum 
loadability and SVC at different buses were 
obtained and is as shown in the following Fig . It is 
observed that best location to insert SVC is Bus 8. 
The whole process was repeated by using 
STATCOM instead of SVC and the results are as 
shown in the figure . The results show that the best 
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bus where STATCOM can be inserted is Bus 5. The 
results also indicate that using STATCOM 
increases the effective loadability to 1.853 when 
compared to SVC which gives a effective load 
ability of 1.7071 
 
Fig : Variation of V with with SVC connected at 
Bus 5, Bus 6 and Bus 8 
 
Fig : Variation of V with with STATCOM 
connected at Bus 5, Bus 6 and Bus 8 
In Fig , the variation of voltage is plotted with 
values of Loading Parameter at bus 5, bus 6 and 
bus 8 respectively. Bus 5, bus 6 and bus 8 are 
considered for analysis as these are the buses which 
will be over loaded to study the variation of voltage 
with   Loading Parameter.  
 
Fig : Variation of V with  curves with FACTS 
devices (STATCOM/SVC) and without FACTS 
devices connected at Bus 5 
As seen from the above characteristics bus 5 is 
chosen for analysis of voltage collapse as bus 5 is 
vulnerable to voltage collapse. The above 
characteristic compares the response of the power 
system with and without usage of FACTS devices. 
As seen in Fig , the value of   load ability factor is 
maximum when STATCOM is used. 
Voltage Profile when SVC and STATCOM are 
connected at Maximum load ability Buses  
Voltage profiles were obtained at all buses of the 
WSCC 9 Bus test system with introduction of 
STATCOM and SVC and are shown below. 
Table : Variations of bus voltages without using 
FACTS devices and with using SVC, STATCOM 
BUS SVC STATCOM Without Facts 
1 0.81 0.82 0.78 
2 0.82 0.84 0.79 
3 0.84 0.87 0.79 
4 0.83 0.86 0.81 
5 0.82 0.94 0.79 
6 0.83 0.96 0.79 
7 0.82 0.85 0.78 
8 0.82 1.00 0.78 
9 0.84 0.87 0.79 
The graphical representation of Variations of bus 
voltages without using FACTS devices and with 
using SVC, STATCOM is shown in the following 
Fig . 
 
Fig : Variations of bus voltages without using 
FACTS devices and with using SVC, STATCOM 
It is seen that magnitude of voltage is highest when 
STATCOM is used. Thus it is clear that by using 
continuation load flow method it is found out that 
STATCOM is definitely better than SVC in 
mitigating voltage collapse.  
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Automatic Voltage Regulator (AVR) 
Here in this paper, the effect of Automatic Voltage 
Regulators 
is analysed. Network Visualisation is obtained by 
using a Power System Application Tool (PSAT) 
that provides a pictorial representation of power 
system parameters such as voltage magnitude, rotor 
speeds and voltage angles across all the system 
buses. Network visualisation of the power system 
is also shown. Also the time domain simulations 
are carried out to determine the time taken for the 
collapse of voltage in the system.  
Effect of AVRs on Voltage Collapse and Time 
Domain Simulations  
As generators are provided with AVR’s simulations 
are carried out with AVR on generator side. 
Voltages can be controlled by varying the field 
current of the generator.  The studies on the WSCC 
9 Bus System relating to 
the earlier  have been repeated here with the 
consideration of AVRs at the three generators. The 
results are shown in figure . 
 
Fig : An AVR circuit simulation done using 
MATLAB 
In the AVR circuit shown the rectifier RB1 with C1 
produce a DC voltage of the Vout and the resistor 
divider R2-R3-R4 are properly set. When Vout is 
below required value, transistor Q1 is off, Q2 is 
forward biased through R6 and Darlington pair Q2, 
Q3 energies the field winding. When Vout is above 
the required value, voltage at cathode of Zener 
diode Z1 exceeds Vz+0.7V, then Q1 is on and Q2, 
Q3 are off. Thereby keeping the exciter voltage 
constant across the diode D1 irrespective of change 
in the voltage level of Vout. 
 
Fig : Variation of V with  with and without AVRs 
As shown in Fig, There is a marked increase in the 
value of load ability factor when AVRs are used on 
the generator side as by varying field current of the 
generator voltage can be controlled to a great 
extent. So having AVRs on the generator side is 
very important   to control load voltages.  It is seen 
that with the introduction of AVRs the loading 
factor is increased to 1.6216   
Network visualisation is a PSAT option that 
provides a pictorial representation of power system 
parameters such as voltage magnitude, rotor speeds 
and voltage angles across all the system buses. It is 
obtained as a result of power flows. 
 
Fig : Network Visualisation of variation of bus 
voltages in a 9 Bus System without AVRs 
The network visualisations of bus voltage 
magnitudes of the 9 bus test system obtained as a 
result of continuation power flow are shown in Fig 
.  It seen with the use of AVRs the area of the 
power system prone to voltage collapse is 
drastically reduced. 
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Fig : Network Visualisation of Variation of Bus 
Voltages in a 9 Bus system with AVRs 
The reduction in blue patches in the diagram 
indicates that Buses are less prone to voltage 
collapse. It is seen that the area susceptible to 
voltage collapse is reduced with the introduction of 
AVRs 
Time Domain Simulations 
In this section studies have been made on time 
taken for voltage collapse with and without FACTS 
devices. The loads are increased upto a load of 
125% of the full load value. It is seen that for the 
system without FACTS the load voltages declined 
sharply in less than 5 seconds. With SVC, the 
system load voltages dropped to zero at the tenth 
second and with STATCOM the system load 
voltages are sustained for about 15 seconds. The 
results are as shown in figures. It is observed from 
the above graph that when AVRs are used on the 
generator side the minimum voltage dip is taking 
place at a time after 10 seconds instead of before 5 
seconds as in graph 3.10 where AVRs are not used. 
It is clear that a delay of 5 seconds in the voltage 
dip gives more time to mitigate voltage collapse. 
When AVRs are used on the generator side lesser 
amount of reactive power compensation is required 
on the load side as to some extent voltage control is 
possible from the generator side. 
 
Fig : Voltages v/s Time Characteristic for the 9 
Bus System without AVRs 
It is observed that voltage dips to its minimum 
value in less than 5 seconds and very less time is 
present to inject reactive power in to the system 
and it is very difficult to mitigate voltage collapse 
under the existing conditions. The load level during 
the collapse is 125% of full load value. In Fig ,it is 
seen that at all the bus voltages dip to their 
respective minimum values at a time of (slightly 
greater than) 10 seconds. This is because FACTS 
devices are not used on the load side of the power 
system. Due to the usage of AVRs on the generator 
side the time of voltage collapse has increased from 
less than 5 seconds  to slightly over10 seconds . 
 
Fig. : Voltages v/s Time Characteristic for the 9 
Bus System without FACTS Devices and with 
AVRs 
So it is seen that usage of  AVRs delays the  
occurrence of voltage collapse. 
 
Fig : Voltages v/s Time Characteristic for the 9 
Bus System with SVC and with AVRs 
It is observed from Fig, that when AVRs are used 
on the generator side and SVC is used on the load 
side the minimum voltage dip is taking place at a 
time of 10 seconds.  
 
Fig.  Voltages v/s Time Characteristic for the 9 
System with STATCOM and with AVRs 
The best case is shown in Fig. The  duration of 
voltage collapse is the longest (greater than 15 
seconds). This  longest  duration is obtained when 
AVRs are used on the generator side and 
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STATCOM is used on the load side of the power 
system. In the above characteristic AVRs are used 
on the generator side and STATCOM is used on the 
load side at bus 5, bus 6 and bus 8 which are the 
buses most vulnerable to voltage collapse. The 
characteristic in Fig. also shows the time taken for 
the voltage to drop to its minimum value at 
different buses. 
Network Visualisation 
The network visualisations of bus voltage 
magnitudes of the 9 Bus test system obtained as a 
result of continuation power flow for the system 
without FACTS Devices , for the system with SVC 
at Bus 8 which is the weakest Bus  and for the 
system with STATCOM at Bus5 which is the 
weakest Bus are shown below. 
From Fig ,it is seen that introduction of STATCOM 
yields better results as compared to the introduction 
of SVC 
 
Fig : Network Visualisation of Variation of Bus 
Voltages without FACTS devices 
 
Fig : Network Visualisation of Variation of Bus 
Voltages with SVC at Bus 8 
In Fig , Network Visualisation is shown when SVC 
is connected at bus 8 . The blue region shows 
minimum load voltages and these are the safe 
regions . The buses in these regions can be loaded. 
Bus 4 is under red region and is vulnerable to 
voltage collapse as the voltage  is high . Bus 4 
should not be loaded as loading bus 4 will lead to 
voltage collapse. So it is clear that in spite of 
having SVC  in the power system bus 4 is not safe. 
Bus 6 can be slightly loaded as by seeing the colour 
bus 6 has a voltage of  0.9  p.u. So by seeing the 
colours the load margins at different buses can be 
seen and accordingly different buses can be loaded 
to mitigate voltage collapse. 
 
Fig : Network Visualisation of Variation of Bus 
Voltages with STATCOM at Bus 5 
In Fig , Network Visualisation is shown when 
STATCOM is connected at bus 5. The blue region 
shows minimum load voltages and these are the 
safe regions . The buses in these regions can be 
loaded. Bus 4 is under red region and is vulnerable 
to voltage collapse as the voltage  is high . Bus 4 
should not be loaded as loading bus 4 will lead to 
voltage collapse. So it is clear that in spite of 
having STATCOM  in the power system bus 4 is 
not safe. Bus 6 can be slightly loaded as by seeing 
the colour bus 6 has a voltage of  0.94  p.u. So by 
seeing the colours the load margins at different 
buses can be seen and accordingly different buses 
can be loaded to mitigate voltage collapse. 
Analysis of the Performance of the Transmission 
Line  
 
Fig : One line diagram of the system under 
consideration without any FACTS devices 
connected 
A single isolated transmission line is considered in 
Fig . One line diagram of transmission line shows 
sending end and receiving end of the line. In Fig  
FACTS devices are not connected where as in Fig  
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FACTS devices are  connected . This transmission 
line system is chosen to plot the STATCOM 
dynamic response curves. The system in Fig  is 
used to obtain variation of reactive power (Q) with 
time. Static Synchronous Series Compensator 
(SSSC)  which is one of the FACTS devices is also 
used to analyse the operation of the transmission 
line. 
 
Figure : One line diagram of the system under 
consideration with FACTS device connected 
 
STATCOM Rating 
The power grid consists of two generators with 
ratings equivalents 3000 MVA, 500-KV and 2500 
MVA, 500-KV connected by a 600-km 
transmission line. The STATCOM has a rating of   
+/- 100MVA. STATCOM introduced in the system 
has a DC link nominal voltage of 40 KV with an 
equivalent capacitance of 375 uF. On the AC side, 
its total equivalent impedance is 0.22 pu on 100 
MVA. This impedance represents the transformer 
leakage reactance and the phase reactor of the 
IGBT Bridge of an actual PWM STATCOM.
 To analyse the performance of the 
transmission line, the loads are increased in steps at 
all the load buses and the values real power (P) and 
the load bus voltages (V) are measured at bus 2 
first without the introduction of FACTS devices 
and then with the introduction of FACTS devices 
and is tabulated as shown in Table . 
 




























100 2 300 930.50 0.9998 930.7 0.9999 997.5 1.0060 930.72 0.9999 
200 4 600 937.00 0.9582 962.5 0.9830 1002.75 0.9670 963.00 0.9830 
300 6 900 927.00 0.9127 970.7 0.9525 992 0.9232 973.00 0.9550 
400 8 1200 904.90 0.8650 946.0 0.9020 968.50 0.8771 950.50 0.9060 
500 10 1500 874.00 0.8188 912.25 0.8520 936.2 0.8307 919.00 0.8570 
600 12 1800 837.50 0.7736 872.80 0.8037 898.5 0.7854 882.00 0.8110 
700 14 2100 798.50 0.7312 830.75 0.7585 858 0.7422 840.00 0.7670 
800 16 2400 758.50 0.6918 788.00 0.7170 816.5 0.7018 800.00 0.7260 
900 18 2700 719.00 0.6556 746.00 0.6785 775.5 0.6644 759.00 0.6900 
1000 20 3000 680.75 0.6228 705.60 0.6440 736.75 0.6300 719.00 0.6550 
 
It is very clear that introduction of STATCOM 
gives the best results with respect to parameters 
analysed. 
STATCOM Dynamic Response Curves 
STATCOM dynamic response curves are 
characteristics obtained between voltage at the load 
bus 2 V v/s Time, and Reactive Power supplied by 
the STATCOM (Q) v/s Time characteristics shown 
in Fig 3.20. V is the load voltage and Q is the 
Reactive Power variation at Bus 2. 
 
Fig: Voltage Time Characteristics. 
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Fig : Reactive Power with Time Characteristics. 
It is very clear from figure 3.20 that V is constant 
due to injection of reactive power Q by 
STATCOM. 
II. CONCLUSIONS 
In this paper CPF is used to analyse the voltage 
collapse phenomenon on IEEE 14 Bus WSCC and 
9 Bus System. An isolated transmission line is 
considered to show the STATCOM dynamic 
response curve. 
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